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SNOW COVER RELATIONSHIPS OP WHITE 
MOUNTAIN ALPINE PLANTS
by
WESLEY NEWELL TIFFNEY JR.
The relationships of White Mountain, New Hampshire 
alpine plants are considered with reference to two extremes 
of winter snow cover. The mat-forming flowering plant 
Dlapensla frapponloa characterizes the snow-free extreme 
and balsam fir, Abies balsamea and black spruce, Plcea 
marlana characterize areas where snow accumulates.
Areas blown clear of snow throughout the winter 
season will be dominated by Dlapensla frapponlca. Increasing 
snow cover results in increasing dominance by other forms of 
plants. This study suggests that aggregations characterized 
by Vacclnlum uliglnosum, Junous trlfidus and Carex blgelowll 
may be next in rank with increasing snow cover. Range and 
standard deviation results indioate wide variation in the 
species components of all 22 habitats tested. Results of 
correlation coefficient tests indicate that interactions 
among the component speoles of the Dlapensla habitat are 
few; of 91 potential interactions tested only 8 occurred. 
Control of plants in the habitat is primarily exercised by
-viii
the harsh climate; low temperatures and high winds combine 
to promote severe winter dessioation in this snow-free area* 
Plants which are able to survive in this harsh micro­
environment do so and grow here, others not fitted to 
survive in these conditions are exoluded by them*
The krummholz plants Abies balsamea and Picea 
mariana may be restricted in their growth by winter 
dessicatlon of branches exposed above the level of 
protective snow cover* Winter damage is consistently 
observed in tranches exposed above snow level and consist­
ently absent in branches covered by winter snow* Taller 
krummholz patches of both species accumulate greater 
amounts of snow. Artificial increase of snow cover in mat- 
form patches of both speoies results in acclerated growth. 
Upright clumps of these plants trap protective snow cover, 
and by so doing may grow higher than the wind and snow 
shelter of the surrounding terrain would Itself permit* 
Mat-form krummholz, as tested here, was restricted to 
terrain snow shelter on higher elevations* But, evidence 
from a lowland station suggests that mat-form krummholz may 
be an early stage in the development of upright krummholz 




THE DIAPENSIA LAPPONICA HABITAT IN THE 
WHITE MOUNTAINS, NEW HAMPSHIRE
Introduction
The alpine zones of the White Mountains, New Hamp­
shire provide a convenient study area for investigators 
interested in the ecology of alpine plants. The White 
Mountains are a series of peaks, heavily glaciated during 
the Pleistocene Epoch, 46 of which exceed 4,000 ft. The 
highest of these is Mt. Washington (6,288 ft.) in the 
Presidential Range. During the Wisconsin substage of 
Pleistocene glaciation the climate allowed arctic plants to 
become established in the area. The present harsh climate 
typical of the alpine zones of the White Mountains has 
maintained these plants as an arctic outpost in a temper­
ate area. Treeline, here defined as the upper limit of 
continuous tree cover, is located at about 4,800 ft. on 
the west side of the Presidential Range and at about 5>200 
ft. on the east (Antevs, 1932; Bliss, 1963). Prevailing 
winds are from the west. The best developed alpine zone 
in the White Mountains is found on the Presidential Range; 
it extends from Mt. Madison (5>363 ft.) in the north to 
Mt. Clinton (4,312 ft.) in the south. The area is about 
eight miles long and two miles wide at its greatest extent 
and encompasses about 7.5 square miles (Bliss, 1963). A 
smaller alpine zone exists in the Franconia Range some 20 
miles west of the Presidential Range; it extends from Mt. 
North Lafayette (5>000 ft.) to Mt. Haystack (4,600 ft.), 
having as it highest point Mt. Lafayette.(5,249 ft.).
2This zone encompasses about 1.5 square miles.
The climate of the alpine zone has been summarized 
by several investigators (Antevs, 1932; Bliss, 1963; Pease, 
1964). Weather information has been gathered by the Mt. 
Washington Observatory located on the summit of that peak. 
In general, the climate is characterized by high winds, low 
temperatures, high precipitation with heavy winter snow and 
extensive fog and cloud cover.
This paper represents a portion of a larger inves­
tigation involving the distribution of White Mountain 
plants relative to winter snow cover. The purpose of the 
present study is to define the ecological relationship be­
tween snow cover and a habitat typified by Dlapensla 
lapponica L., an Angiosperm cushion-forming plant, used by 
Bliss (1963) to characterize the association he termed the 
"Dlapensla community".
In both the arctic and in the alpine zones of the 
White Mountains Dlapensla is reported in exposed and wind­
swept areas (Antevs, 1932; Hadley and Bliss, 1964; Love 
and Love, 1966; Courtin, 1968, 1968a). Several investiga­
tors have further suggested that the plant is limited to 
areas blown clear of winter snow (Hadley and Bliss, 1964; 
Courtin, 1968, 1968a). Bliss (1963) reports that Dlapensla 
lapponica is a prime colonizer of bare ground and is found 
in "...areas that are subjected to frost action because of 
the lack of winter snow cover". Later, (1966) he reports, 
"Dlapensla communities are found where winter snow cover is
3thin, or non-existent, and melts early in spring". Bliss 
(19691 recorded snow depth for two winters in three loca­
tions; it is not stated if any of these locations were in 
Diapensia areas. However, he states, "During much of the 
winter, large areas of Alpine Garden are blown free of 
snow, areas dominated by Diapensia communities".
My objective in this study was to analyze the spe­
cies composition of the Diapensia habitat and to determine 
the degree of interdependence among its component species. 
First, it was necessary to test the snow cover hypothesis 
described above by gathering extensive records of winter 
snow depths in Diapensia habitats. I observed a number of 
habitats over several seasons to find if the plants did 
inhabit snow-free areas and if these areas were substan­
tially free of snow throughout the winter season. A 
system of summer sampling was designed to accumulate data 
for statistical analysis of interdependence among component 
species of the habitat.
Snow Depth and Winter Desslcation 
For the winter snow depth study 14 plots were es­
tablished and marked with wire stakes at the margins of the 
greatest Diapensia concentrations. Two plots were located 
in each of the following areas; near the fourth peak of Mt, 
Adams, at the Lake-of-the-Clouds Hut, on the summit cone of 
Mt. Washington, on the section of the Chandler Ridge termed 
Cape Horn, at the lip of Huntington Ravine in Alpine Garden, 
at Lion Head in Alpine Garden and at Cow Pasture on the
4Automobile Road. These plots were visited throughout the 
winters of 1966-1967, 1967-1968 and 1968-1969 on as nearly 
a regular basis as the harsh winter weather of the Presi­
dential Range permitted. Each plot was visited at least 
once each winter and some as many as eight times. During 
the three winters 14 trips were made to check snow depth 
in plots.
After a snowfall In the White Mountains the wind 
frequently rises, usually from the west, Most of the snow 
which has accumulated during the storm in the open alpine 
zone is blown away and collects below treeline on the east 
side of the mountains. This is particularly true on the 
Presidential Range and leads to the massive accumulations 
of snow common in the large glacial valleys on the east 
side of the range, such as Tuckerman and Huntington Ravines. 
Snow remaining in the alpine zone is packed into the sparce 
vegetation or in the lee of large wind obstructions. In 
ascending the mountain Increasing snow depth is encountered 
until treeline is reached; above treeline snow cover con­
forms to the microrelief of the alpine zone. In the 
Diapensia habitat there are few obstructions and virtually 
all the snow is blown clear throughout the winter season 
(Pig. 1).
A trip to check snow depth made on February 19-26, 
1967, will serve as an example of the snow cover/wind rela­
tionship on the Presidential Range. On the night of Febru­
ary 20 a storm deposited a recorded 2.7 Inches of snow at
5the summit of Mt. Washington. Drifts of two to three feet 
accumulated in the vicinity of the Weather Observatory. On 
the morning of February 21 the wind rose from the west and 
reached a sustained velocity of 60 to 70 MPH with a peak 
gust of 105 MPH. Virtually all the snow, including the 
large drifts, was removed from the summit area. On Febru­
ary 23-24 another storm developed and deposited a recorded 
19 inches of snow at the summit. Winds rose during the 
evening of February 24 and reached a sustained velocity 
of 70 to 80 MPH. The wind persisted through February 26. 
Again, almost all accumulated snow was removed from the 
summit area. Visits to six Diapensia habitats on February 
26, varying from 6,000 to 4,000 feet elevation, showed that 
all were devoid of snow after a total fall of 21.7 inches 
over the previous six days (Fig, 2).
Late wet snowfalls, although more dense than dry 
mid-winter snows, are also blown away by strong winds and 
do not accumulate in the Dlapensla habitat nor do they de­
lay flowering. On May 26, 1967, a 12.8 inch snowfall was 
followed by winds of 70 MPH. Visits to several habitats on 
May 30 and 31 disclosed no snow in the areas. Less than 
three weeks later on June 18, 1967, Dlapensla plants were 
in full bloom throughout the Presidential Range (Fig. 3)*
Winds are not as strong where plants are actually 
growing on the range as they are where recorded on a 39 
foot instrument tower on the summit of Mt. Washington. A 
wind velocity of 100 MPH on the summit is equivalent, on
6the average, to a speed of 30 MPH at plant level (Courtin, 
1968). Such wind velocities are still sufficient to remove 
snow from exposed areas and to promote desslcatlon In 
winter-exposed plants.
In an average winter on Mt. Washington the Weather 
Observatory records 221.4 Inches of snow. The winter of 
1966-1967 totaled 260.6 inches, the winter of 1967-1968, 
211.1 inches and the record winter of 1968-1969 yielded 
566.4 inches of snow. These variations in annual snowfall 
have little effect on the total amount of snow adhering to 
the ground in the alpine zone. My observations Indicate 
that the snow holding capacity of the zone is reached early 
In the winter. Additional snow is blown away by strong 
winds. This study spanned two relatively normal snowfall 
years and one record year. Amounts of snow In Dlapensla 
habitats and other areas checked remained constant. This 
minimal snow cover melts rapidly once warm weather arrives 
and melts at about the same time each year. Even late- 
lasting drifts supporting specialized snowbank communities 
(Bliss, 1963) disappear at about the same time each season. 
The flowering time of Diapensia lapponica and other spring- 
blooming plants on the Presidential Range Is not greatly 
influenced by heavy or light snow years or by heavy snow­
falls late in May. In the three years included In this 
study alpine plants were at the peak of their bloom between 
June 15 and June 25 (Pig. 3).
7The examples above, drawn from the winter of 
1966-1967, are typical of results of other visits In 1967- 
1968 and 1968-1969, In some cases meltwater had formed 
ice about the bases of Dlapensla plants but In all cases 
observed the major portion of the plant was exposed 
(Fig. 4), Areas dominated by Diapensia were those areas 
blown clear of snow throughout the winter. Accumulations 
of as little as a few Inches of snow marked the margin of 
the Dlapensla habitat and the beginning of a transition to 
another form of plant cover.
Dessication is a major factor in the distribution 
of alpine plants as Tranquillini (1964) notes when he 
states, ''Extremely short snow cover can only be tolerated 
by plants that are resistant not only to cold but also to 
long periods of drought...'1, and Sakai (1970) notes that 
"...dessication damage in winter constitutes the greatest 
limiting factor for growing plants in cold climates and 
in high mountains...". Plants in the Diapensia habitat * 
appear well suited to resist the effects of dessication. 
Several investigators have noted that the low mat or cush­
ion form exhibited by plants such as Diapensia is of sur­
vival value in these conditions (Holttum, 1922; Hadley and 
Bliss, 1964; Courtin, 1968a). The low profile of these 
plants offers less resistance to strong winds and their 
dessicating effect is minimized.
Information on the freezing resistance of several 
plants of the Diapensia habitat has been accumulated by
8Sakai and Otsuka (1970). They note that several species
o
acquire a resistance in the fall at -15 C. that allows 
them to withstand winter temperatures of -70° C. After 
acquiring such resistance Vaccinium uliglnosum could with­
stand temperatures of -50° C., V, vltis-ldaea and
o
Loiseleuria procumbens could survive at -70 C. The most 
cold resistant plant tested was Dlapensla lapponica which, 
after full hardening, could survive Immersion in liquid 
nitrogen at -196° C. (Sakai and Otsuka, 1970). The lowest 
recorded temperature for Mt. Washington is -44° C. (-47°
F.).
Species Composition 
Twenty-two Diapensia habitats were chosen for 
sampling to determine species composition and major sample 
areas were located in them. Plots were placed in the cen­
ter of the habitat. The sampling procedure used is similar 
to that of Bliss (1963). An area 4 by 8 meters (320,000 
sq. cm.) was marked with surveying tape and stakes. The 
4-meter axis was located parallel to the slope of the 
ground. Five rectangular quadrats 25 by 40 cm. (1,000 sq. 
cm.) were established along a sequence of transects based 
at four randomly chosen locations on the 8-meter axis. 
Alternate quadrat transects were begun on the 8-meter axis, 
and others 0.5 meter3 from it. Twenty rectangular quadrats 
were established in each major sample area for a total 
sampled area of 20,000 sq. cm. or 6,3% of the total area
9sampled (Pig. 5). Quadrat size and number corresponded 
with recommendations for plot size and sample design In 
alpine vegetation made by Eddleman et al, (1964).
Measurements were taken of the ground area covered 
by all vascular plants In each 25 by 40 cm. quadrat. Mea­
surements were taken also for cover of moss and lichen and 
for uncolonized ground and rock. These were expressed as 
percent cover for each sample area, and grand totals for 
species composition were, in general, the same as those 
used for winter observations. Results are given in Table 
1.
My results expressed as percent cover are roughly 
comparable to those of Bliss (1963) expressed as impor­
tance values. He recorded higher values for rock and un­
colonized ground as well as for Juncus trlfidus; slightly 
higher values for Potentllla tridentata, Lolseleurla 
procumbens, Rhododendron lapponicum, and Arenaria 
groenlandlca; similar values for Diapensia lapponica and 
Vaccinlum uliglnosum, and a lower value for lichen. Re­
sults of Bliss's analysis are based on 2 to 9 sample areas.
Results of my sampling indicate that 47-338 of the 
area in the Diapensia habitats was occupied by vascular 
plants, 35.4^ was occupied by rock and uncolonlzed ground 
and 16.2? by moss and lichen. The typical plant of these 
habitats was Diapensia lapponica which was about five times 
as concentrated as the next ranking vascular plant.
10
Wide ranges and large standard deviations were 
found for all component species tested (Table 1). This 
suggest that it is not possible to predict with accuracy 
the concentrations of the components to be found in a 
given Diapensia habitat. The minimum concentration of 
Diapensia lapponica, 1.8)6 of the area sampled, was encoun­
tered in a plot located on the west flank of Mt. Madison. 
Other sample plots placed In nearby Pigpensla habitats 
yeilded results of 30.1)6, 35.0)6, and 7^.2JE cover of D. 
lapponica. The maximum concentration encountered, 54,0)6 
was in a plot located on the west side of Mt. Lafayette in 
the Franconia Range. Nearby sample plots in this area 
showed concentrations for D. lapponica of 15.6)6, 22.0)6 and 
33.*1)6. Values for other component species of the habitat 
were equally variable.
Analysis of Component Species 
To assess the degree of interdependence existing 
among the component species of the Dlapensla habitat 
statistical testing was necessary. Tests based on fre­
quency data such as the "Cg" correlation of Hurlbert (1969) 
were rejected due to the difficulty of collecting accurate 
frequency data in alpine vegetation. As Woodin (1959) has 
indicated frequency Information is difficult to obtain in 
alpine areas of mat-form vegetation as it is hard to tell 
where one plant ends and another begins. Ooodall (1970) 
notes that, "Many plants, however, have methods of vegeta-
11
tive reproduction which make distinctions between individ­
uals highly arbitrary. Biomass per unit area is a measure 
which is more consistently objective". For these reasons 
estimates of biomass in terms of percent ground cover were 
used here. The purpose of this part of the study is to 
assess the degree of interdependence present among plants 
of the Diapensia habitat. Sokal and Rohlf (1969) have 
said, "... when we wish to establish the degree of associ­
ation between pairs of variables in a population sample, 
correlation analysis is the proper approach." Hence, the 
product-moment correlation coefficient has been used here.
In computing the correlation coefficient, data are 
ranked in two sets. The first set (Y^ ) is arranged in in­
creasing rank order, the second set (Y2) is paired with the 
first. The correlation coefficient (r) Indicates the de­
gree of association between the two sets (Y-^ and Y^) and 
may be expressed In percent. The value of r may vary from 
-1 (minus lOOJS) to +1 (plus 1005O. A value approaching -1 
Indicates negative association between Y^ and Y2, a value 
approaching +1 indicates positive association between the 
two sets of variables. A value of r approaching 0 Indicates 
little interdependence between Y and Y2. Reciprocal tests 
yield the same results. For each correlation coefficient 
(value of r) significance tests are performed against the 
hypothesis that r * 0.
Each of the 14 major species components of the 
Dlapensla habitat (those having means greater than 0.5% of
12
the total area sampled1 was tested against the other 13 
major components. This required a total of 91 correlation 
coefficient tests, which were performed with the aid of a 
computer and using Leasco Systems and Research program 
no, CL-00001.023-00. Results are given in Table 2.
Ninety-one tests were performed; only eight 
yielded positive or negative correlation coefficients of 
50? of greater. The strongest relationship observed was 
between moss and Arenarla groenlandica with a value of 
68,0?. None of the relationships tested could be con­
sidered strong (in excess of 90?).
A negative correlation coefficient resulted from 
the test between rock and lichen (-66?). Hence, rock and 
lichen covary negatively 66? of the time. Lichens sam­
pled in this study were of the foliose and fruticose 
types. Crustose or rock-inhabiting forms were rare and 
were not included. A rock habitat is not suitable for 
the growth of lichens in t_he areas tested. With the ex­
ception of the negative relationship with lichens men­
tioned here, the large quantities of rock present in the 
Diapensia habitat (31.1? of the total area sampled) do 
not greatly influence the plants growing in the habitat
Negative correlations resulted from tests of 
Diapensia lapponica with Vacclnium uliginosum (-56?) and
with Juncus trlfidus (5**?). This indicates that D. 
lapponica is negatively associated with V, uliginosum and
13
£• trlfidus about 5536 of the time. The latter two plants 
are component species of an aggregation termed the 
"dwarf-shrub-rush-heath community" by Bliss (1963), This 
aggregation is commonly found at the margins of the 
Diapensia habitat. As these margins are reached, snow 
cover increases slightly and V. uliginosum and J, trlfidus 
begin to dominate. These two species also characterize 
areas of slightly greater snow cover, as in the lee of 
small obstructions dispersed throughout the Diapensia 
habitat itself. A gradient was established by Bliss 
(1963) with Diapensia at the snow-free extreme and the 
snowbank community at the other extreme. "Dwarf-shrub- 
rush-heath" is placed next in order with increasing snow 
cover to the Dlapensla aggregation on this model. Rather 
than indicating that competitive exclusion is operating 
among D. lapponica and V. uliginosum and J. trlfidus, I 
conclude that the negative correlations indicate that the 
margin of the Diapensia habitat has been reached in these 
sample situations and that a change to dominance by other 
forms is occurring. In this case the optimum snow cover 
situation for Diapensia has been exceeded, and the optimum 
for the other two species is being approached.
This situation poses some possibilities for 
future experimental work. Snow depth in selected 
Diapensia habitats could be increased artificially by 
erecting several windbreaks in the habitat. Vegetation
14
could be mapped prior to establishing windbreaks, then 
re-mapped in successive growing seasons. At question 
would be changes In the composition of plant aggregates 
growing In the altered habitat. A project of this nature 
Is planned.
The test between Vacclnlum uliglnosum and lichen 
yielded a positive correlation of 61)5. This indicates 
positive Interdependence between V. uliglnosum and lichen 
6l$ of the time. Lichens, lacking roots, are not as firm­
ly anchored as other plants and are frequently blown away 
by strong winds, an occurrence noted also by Antevs 
(1932). Most plants in the Dlapensla habitat are mat- 
forming or cushion plants. An exception is V. uliglnosum 
which, particularly in areas of slightly greater snow 
cover, adopts a more upright stature. Under these con­
ditions V. uliglnosum consists of a number of interwoven 
branches which provide anchorage for lichens. Possibly, 
the vascular plant provides support for lichens of several 
types and prevents them from being blown away by strong 
winds.
Positive results were obtained from tests between 
Arenaria groenlandlca and uncolonized ground (54)6), and 
moss (68$) and Carex blgelowll (61$).
The "sedge-meadow community1' of Bliss (1963) was 
composed of two vascular plants, Carex blgelowll and 
Arenaria groenlandlca. In addition to keeping snow cover
15
records for the Dlapensla habitat I accumulated informa­
tion on winter snow depth in areas of sedge meadow on the 
summit cone of Mt. Washington. About one to two Inches 
of snow accumulates in these areas, the rest being blown 
away. This amount is sufficient to cover the ground level 
meristems of C. blgelowll, although dead culms from the 
previous growing season frequently protrude from the thin 
snow cover. Sedge meadow occupies a similar position on 
the snow cover gradient to the "dwarf-shrub-rush-heath 
community" of Bliss (1963). It is a marginal form to the 
Diapensia habitat, being supported by slightly increased 
snow depth. Again, experimental work should be performed 
to see if this form increases in concentration as a result 
of Induced Increases in snow cover in selected Diapensia 
habitats. Carex blgelowll and A. groenlandlca are as­
sociated about 6056 of the time in my samples.
There is doubt as to whether Arenaria groenlandlca 
is annual or perennial (Gleason and Cronquist, 1963)*
The plant is described as being associated with mossy 
areas by Antevs (1932) and is regarded as being an early 
colonizer of bare ground by Antevs (1932) and by Bliss 
(1963). The plant is noted as growing on disturbed 
ground and particularly in hiking trails by Harris (1964). 
An annual or biennial life cycle would offer some explana­
tion for the affinities of this plant for mossy areas and 
areas of open ground. In my tests it was positively as-
16
sociated with uncolonized ground of the time and with 
moss 68JC of the time. Open ground provides space to grow 
In the alpine zone otherwise occupied by perennial plants 
or rock. Mossy areas may promote seed germination and seed­
ling survival due to greater water availability. Observa­
tions made In this study Indicate that A. groenlandlca is 
little controlled by snow cover, being distributed widely 
In a number of habitats which show wide variation In their 
amount of winter snow.
Lolseleurla procumbens is a cushion-forming plant 
very similar in form to Diapensia lapponica. It is rarely 
found in other than Diapensia habitats in the White Moun­
tains. But, the test of L. procumbens with D. lapponica 
yielded a correlation coefficient of only -22% indicating 
that the plants were negatively associated -2256 of the time. 
This value of r (-22%) is not significantly different from 
0 at the . 05 (5- 056) confidence level.
Of ten vascular plants tested (Table 2) five 
showed association with other vascular plants. These were 
Diapensia lapponica, Vaccinlum uliglnosum, Juneus trifldus, 
Carex blgelowll and Arenaria groenlandlca. One of these 
five, V. uliglnosum covaried with lichen and one A. groen- 
landica, showed interdependence with moss and with un­
colonized ground. One group of non-vascular plants, lichens 
covaried with rock. Five vascular plants showed no inter­
dependence with other components of the habitat. These were
Salix uva-ursi, Vacclnium vltls-ldaea, Potentllla tridentafca, 
Lolseleurla procumbens and Rhododendron lapponlcmn. Of 
ninety-one potential positive or negltlve interactions 
tested only eight occured; none of these eight could be con­
sidered Intense.
Discussion
The community concept involves the ideas that there 
are interactions among the component plants of the community 
and that the species structure of the community follows some 
predictable pattern. As Odum (1971) has said, "Communities 
not only have a definite functional unity with character­
istic trophic structures and patterns of energy flow but 
they also have compositional unity in that there is a cer­
tain probability that certain species will occur together". 
Both Savile (i960) and Bliss (1962) have noted that competi­
tion in severe habitats is often secondary to the effects 
of the physical environment. The result "...may be the ran­
dom occurrence of plants with few distinct associations" 
(Bliss, 1962), Savile (i960) suggests that arctic vege­
tation may better be described by habitats than by associa­
tions. I have used the term habitat, here defined as the 
place where a plant grows, in this analysis of an area 
dominated by Diapensia lapponica.
Sakai (1970) has noted that winter desslcatlon is 
a major limiting factor to alpine growth. Sakai and Otsuka
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(1970) have shown that Diapensia lapponica. Vacclnlum 
ullglnoaum. V. vitls-idaea and Lolseleurla procumbens can 
survive very low temperatures. I suggest that Diapensia 
and other plants associated with It can survive In this 
snow-free and exposed habitat because they can tolerate very 
low temperatures and resist desslcatlon from strong winter 
winds. Other plants are excluded because they are not 
adapted to survive In this harsh physical environment. 
Further investigation may provide more Information on such 
relationships in the alpine zone.
Conclusions
The occurence of the Diapensia habitat is predict­
able in relation to winter snow cover. Diapensia lapponica 
is found in areas blown clear of snow throughout the winter 
season. Increasing snow cover results in Increasing domin­
ance by other forms of plants. The Diapensia habitat is 
located at one extreme of the snow cover gradient, and this 
study suggests that aggregations characterized by Vacclnlum 
uliglnosum, Juncus trlfldus and Carex blgelowll may be next 
in rank with increasing snow cover.
Wide variation was found among concentrations of 
all species components over the 22 habitats tested. These 
habitats do not consist of predictable percentages of spe# 
cles components.
Interdependence among the species components of the
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Diapensia habitat are few. Of ninety-one potential Inter­
actions tested eight occurred at significant levels and 
none of these could be considered Intense. Control In the 
habitat Is primarily exercised by the harsh microclimate. 
Prime factors are low temperatures and high winds combining 
to promote severe winter dessicatlon In this snow-free area. 
Plants which are able to survive In this harsh microenviron­
ment do so and grow here. Others are not fitted to survive 
in these conditions and may be excluded by the micro­
environment .
The unpredictable concentrations of plants in the 
areas tested, together with their lack of Interactions, 
renders the use of the term habitat more appropriate than 
the term community to describe the aggregate found in this 
location.
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Results of sampling major plant components of the 
Diapensia habitat, White Mountains, New Hampshire. Means, 
ranges and standard deviations for all types sampled are 
expressed as percent ground cover of the total area 
sampled.
Other plants were present in quantities of less 
than 0.5/6; these minor components were not subjected to 
statistical analysis. These were, together with their 
means: Solldago cutlerl 0.456; Poa alplgena 0.3/6; Scirpus
cesptltosus var. callosus 0.2%; Betula ssp. 0.1J6; Vacclnlum 
angustlfollum 0.05/6; Abies balsamea 0.05/6; Empetrum nigrum 
0.03/6; Prenanthes boottll 0.0156; and Ly cop odium selago 
0.002J6. These minor forms totaled 1.156 of the total area 



































Results of the correlation coefficient test 
(values of r) for each major component of the Diapensia 
habitat (those having means greater than 0-556 of the total 
area sampled) with every other major component of the 
habitat. Results are expressed as percent interdependence 
of Y2 and Y^ . The probability that the null hypothesis, 
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Figure 1. Snow-free ridge crest, about one-half mile long, 
near Hon Head in Alpine Garden, Presidential Range, New 
Hampshire. The area is dominated by Diapensia^ lapponica. 
March 3, 1969.
28
Figure 2. Winter aspect of a Diapensia habitat at Cape 
Hron, Chandler Ridge, Mt. Washington. Surrounding areas 
arb covered with snow. The ice axe is about 3 feet long. 
February 26, 1968.
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Figure 3. Plants of Diapensia lapponica In bloom, Cape 
Horn, Mt* Washington, New Hampshire. June 17> 1968. The 
lateral area covered by the photograph is about 18 Inches 
long.
Figure Winter condition of Diapensia lapponica plants, 
Cape Horn, Chandler Ridge, Mt. Washington, New Hampshire. 
Meltwater has formed ice about the bases of the plants but 
the crowns are fully exposed. Jan. 26, 1967. The ice axe 
is about 3 feet long.
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Figure 5. Arrangement of quadrats within a major sample 
area. The transects on which the quadrats are located are 
randomly chosen. The design is similar to that of Bliss
(1963).
SECTION TWO
RELATIONSHIP BETWEEN SNOW COVER AND 
ABIES BALSEMEA AND PICEA MARIANA KRUMMHOLZ 
IN THE WHITE MOUNTAINS, NEW HAMPSHIRE
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Introduction
The purpose of this paper is to describe quantita­
tively the relationships among winter dessication, snow 
cover and the growth of two dwarfed coniferous tree 
species, Abies balsamea (L.) Mill, and Picea mariana 
(Mill.) BSP, in the alpine zones of the White Mountains, 
ilew Hampshire. This paper Is a part of a more extensive 
study on the relationship between winter snow cover and 
the distribution of alpine plants in the White Mountains 
(Tlffney, 1972).
The first study area described here Is located In 
the Presidential Range which centers on Mt. Washington 
(6,288 ft.). The Range extends from Mt. Madison in the 
north to Mt. Clinton in the south and includes the largest 
alpine zone In the White Mountains, about 7.5 square miles 
in area. This area has been extensively described by 
several Investigators (Harshberger, 1919; Antevs, 1932; 
Bliss, 1963; Pease, 196*1; Tiffney, 1972). The alpine zone 
was deeply sculptured by Pleistocene glaciation, and since 
has extensively weathered; it now presents an irregular 
surface providing a wide selection of sheltered or exposed 
habitats for plants. The zone Is characterized by a harsh 
climate including high winds, low temperatures, heavy 
winter snow and summer rain, and extensive fog and cloud 
cover. All weather records referenced in this paper are 
derived from records of the Mt. Washington Observatory
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located on the summit of that peak.
The second study area cited here is located on
Middle Sugarloaf Mountain (2,526 ft.) near the town of 
TWin Mountain, New Hampshire, about 10 miles west of the 
Presidential Range. Ibis small mountain in the Zealand 
Valley originally supported a well-developed forest on its
summit but was subjected to a disastrous fire in 1888 as
the result of a careless logging operation (Chittenden, 
190*1). It is presently in succession from that fire and 
the summit still supports a small edaphic alpine zone of 
about 1/8 square mile in area.
Both study areas lie above treeline, here defined 
as the upper limit of continuous tree cover and the point 
at which a tree species changes into its elflnwood race or 
krummholz (Clausen, 1963, (Figure 1). Above treeline,
Picea mariana may be found on exposed and windswept sites 
while Abies balsamea i3 common on more sheltered loca­
tions. Both species exhibit the typical krummholz configu­
ration (Figures 2 and 3) and are most common at approxi­
mately *1,000 to 5j000 ft. elevation. Both species usually 
have dead or damaged branches on the upper portions of the 
clump. The existence of this damage, frequently extensive, 
indicates that severe environmental factors must be re­
stricting the growth of these plants In the harsh envi­
ronment of the alpine zone.
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Factors Affecting Treeline and 
Krummholz Growth
Numerous investigators have offered many different 
arguments to explain the position of treeline and krummholz 
growth in the western United States mountains and the sub­
arctic, as well as in the White Mountains, New Hampshire. 
Views of several authors on the importance of these envi­
ronmental factors are summarized below.
Temperature
A relationship has been suggested between the 
position of sub-arctic treeline and the position of the 
10° C. (50° F.) isotherm for the warmest month of the grow­
ing season (Halliday and Brown, 194 3; Griggs, 1946;
Porsild, 1964). Antevs (1932) notes that conifers grow at 
an elevation of 5,500 ft. on Mt. Washington and that this 
is the position of the 10° C. isotherm for July. Weather 
reports accumulated since 1933> unavailable to Antevs, in­
dicate that the average temperature for July on the summit 
of Mt. Washington (6,288 ft.) is 9.8° C. (49.1° F).
Daubenmire (1954)states that timberline, "...repre­
sents a point on the scale of diminishing heat supply where 
solar energy is adequate only to meet the annual require­
ments for respiration plus the requirement for foliage 
renewal, with a result that none is left to permit the 
development and maintainence of a large mass of non­
productive cells as comprise the stem and root system of a
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normal tree." tie adds that local factors, such as snow and 
wind, may alter treeline positions. Bamberg et al. (1967) 
suggest that treeline in the Central Alps, formed by 
Pinus cembra (Stone Pine), "...is very closely connected 
with the shortening of the vegetative period or with the 
lengthening of the dormant period." however, ilarr and 
Wardle (1966) report that whereas average summer tempera­
tures decrease upslope they never become limiting for 
krummholz formations even in alpine tundra areas of the 
Colorado mountains. They report that winter minimum 
temperatures decrease upslope as well, hut do not become 
critical limiting factors at any time. Sakai and Otuska 
(1970) working with very low temperatures have shown that 
evergreen leaves have an extensive resistance to freezing. 
Sakai (1968) reports that Ezo Spruce (Picea glehnil) could 
withstand freezing at - 30° C. (- 22° F.) and that other 
conifer species could withstand temperatures of - 70° C.
F.) (Sakai, 1970). He concludes that simple 
freezing does not account for observed winter damage, 
tarker (1963) notes that due to the tendency of cold, 
uense air to flow downhill temperatures on high mountains 
in winter are usually no lower than those in adjacent 
valleys where upright trees are common.
Explanations Involving temperature limitations 
appear to correlate well with the gross position of tree- 
line, particularly in the sub-arctic, but appear inade­
quate to explain the specific positions of alpine
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treelines or the dynamics of individual krummholz clumps. 
Water Availability
Halliday and Brown (1943) report that the distribu­
tion of Abies balsamea correlates well with areas having 
30 inches of annual rainfall in the sub-artic. Brink
(1964) and Daubenmlre (1968) consider summer drought limit­
ing, particularly to survival of tree seedlings, but 
Tranqulllini (1964) states that plants in alpine zones are 
rarely in danger of drought during the summer. Lack of 
rainfall appears to be an unlikely limiting factor in the 
White Mountains. The Mt. Washington Observatory records 
76. J inches of rain in an average year, and this is fairly 
evenly distributed throughout the growing season; June,
July and August receive an average of 6.5, 6.7 and 6.8 
inches of rain respectively.
Heavy fog is recorded on Mt. Washington1s summit 
309 days (86?) of an average year. Bliss (1963) notes the 
increase of incidence of fog with increased elevation and 
suggests that fog lowers photosynthetic rates thereby 
restricting the upper extent of krummholz. Griggs (1940) 
suggests that fog clogs stomates at higher elevations, 
limiting gas exchange and tree development. However, 
Vogelmann et al. (1968) report that fog constitutes a 
significant contribution to the water budget of spruce fir 
forests at 3,600 ft. on Camel's Hump in the Green 
Mountains, Vermont.
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Water availability during the growing season does 
not appear to be a limiting factor to growth of White 
Mountain tree species in the alpine zone.
Substrate Factors
Marr (1948) suggests that lack of soil due to lack 
of time for its development since Pleistocene glaciation is 
limiting to tree development in the arctic. Raup (1951) 
regards sub-arctic treeline as a transition zone from 
relatively unstable soil. In alpine areas of British 
Columbia Brink (1959) observes that krummholz is confined 
to areas with a true soil, and in the White Mountains 
Harries (1966) reports that soils under krummholz patches 
are composed of a high porportion of raw humus. My obser­
vations indicate that most of this humus is derived from 
the krummholz patch Itself. Parker (1963) considers soil 
relatively unimportant In the distribution of alpine 
plants.
Paup (1951) and Brink (1964) stressed frost- 
related soil instability (congeliturbation) as a limiting 
factor for alpine vegetation. I have observed no evidence 
of frost heaving In White Mountain krummholz.
Seed Supply and Layering
In the Rocky Mountains and the sub-arctic, as well 
as In the White Mountains, investigators report that seed 
production decreases and stops as treeline is reached 
(Chittenden, 1904; Shaw, 1909; Griggs, 1938; Hustich,
1953). I have observed numerous cones on Abies balsamea
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and Flcea mariana krummholz at elevations as high as 5,000 
ft. on Mt. Washington, although I have not tested the 
viability of the seeds contained in the cones. Even if 
these seeds were infertile, seed supply would not be limit­
ing to tree colonization in the alpine zone as an adequate 
supply is blown up the mountains by strong winds from 
productive lowland locations (Chittenden, 190^ 4; Shaw,
1909).
A krummholz clump of either species may be derived 
from a single seedling by extensive layering. I have 
observed layering in both Abies balsamea and Plcea mariana, 
confirming the observations of Chittenden (190*0. Hustich 
(1953) reports similar extensive layering for both species 
in the sub-arctic.
Snow and Length of the Growing Season
Late lasting snow can shorten the growing season 
to the point where the time available for photosynthesis is 
insufficient to support the energy requirements of a plant. 
Such deleterious effects of snow cover are noted in the 
sub-arctic by Warren Wilson (1957) and Prince (1971) and in 
the western United States mountains by Shaw (1909), Griggs 
(1938), Daubenmire (19**3), brink, (1959, 196*1), liolway and 
Ward (1963), Wardle (1965) and Klikoff (1965). Monahan 
(1933) regards snowcover as repressive to krummholz growth 
in the White Mountains. However, Tranquillini (196**) sets 
more reasonable boundaries on this problem when he states, 
"Extremely short snowcover can only be tolerated by plants
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that are resistant not only to cold but also to long 
periods of drought; extremely long snowcover only by those 
that can complete their development in a short snow-free 
period ...".
Wind
The Mt. Washington Observatory records January as 
the windiest month averaging 46 MPH and June and July as 
the calmest averaging 25 MPH. Average annual wind veloc­
ity is 35 MPH with winds over 100 MPH being recorded in 
every month of the year. The maximum wind velocity 
recorded on the summit was 231 MPH. kind as a limiting 
factor for krummholz growth is interpreted differently by 
several investigators.
/.ntevs (1932) notes that the "scrub belt" is near­
ly 1,^00 ft. lower on the west side of the Presidential 
Range than on the east. Prevailing winds in the White 
Mountains are from the west and northwest. Krummholz 
tends to be restricted to wind-sheltered areas in the 
White Mountains (Antevs, 1932; Monahan, 1933; Shaw, 1909; 
Griggs, 1940, 1946) and in western mountains (Griggs,
1938; 1946; Daubenmire, 1943).
Chittenden (1904) suggests that wind sways and 
rocks trees rooted in shallow soil promoting root pruning, 
and that resultant lack of water leads to die-Lack of 
krummholz on high White Mountain exposures. He further 
suggests that above ground damage results when branches 
beat together in high winds. I have not observed damage
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to krummholz attributable to either of these two causes.
Johnson and Billings (1962), working in western 
United States mountains, used pine boards as abrasion 
indicators and concluded that abrasion was a function of 
winter snow depth. Griggs (1938) and Daubenmire (1943) 
noted similar abrasion effects at snow level in the north­
ern Rocky Mountains as did Klikoff (1965) in the central 
Sierra Nevada. Hustich (1953) and Porsild (1964) suggest 
that sand and snow abrasion promote krummholz formation in 
the sub-arctic. However, 'Jardle (1968) working in 
Colorado, suggests that ice abrasion in winter is of little 
importance to krummholz development. He notes that lesions 
on needles usually attributed to winter abrasion are actu­
ally formed in summer and that the cuticle is intact over 
the wound. I suggest that abrasion is perhaps more effec­
tive in eroding a branch after it is dead and can no longer 
replace lost tissue.
'Wind, Snow and Winter Desslcatlon
Parker (1963) states that the most important factor 
limiting mountain vegetation is dessication of leaves par­
ticularly when they are exposed to winter winds due to lack 
of snow. Warren V/ilson (1959) notes that in arctic and al­
pine areas wind speed increases with increasing distance 
above ground level. Waller plants experience greater wind 
speeds which may promote greater dessication, particularly 
in winter when water cannot be replaced due to frozen 
ground. lie reports that such damage does not occur to
plants covered with snow. Bliss (1956) reports similar 
effects due to dessicatlng winter winds in snow free areas 
for both arctic and alpine environments and concludes that 
the western United States alpine zone is a more severe en­
vironment for plants than is the artic due to higher wind 
speeds. Daubenmire (19^3) states that western alpine firs 
are limited by winter dessication or by blasting of buds by 
wind blown ice. Cox (1933) concludes that treeline on 
James Peak, Colorado, Is fixed by late frost and short 
growing season in combination with dessicatlng winds during 
the time of unavailability of soil water. Lindsay (1971) 
working w.i th Picea engelmannll and Abies laslocarpa in 
Wyoming notes that wind exposed needles of trees at timber- 
line exibit severe water stresses during winter. Winter 
protected needles at lower elevations exibit less stress. 
Water stress is attributed to strong winds causing tran­
spiration losses and cold soil inhibiting absorption of 
water. Wardle (1968) finds for the Front Range, Colorado 
that, "Wind-training of krummholz is effected through 
basipetal dessication and death of exposed needles and 
shoots during the winter". He reports that needles of P. 
engelmannll lost water if exposed above snow level but that 
needles buried in snow showed no real change in water con­
tent. Shaw (1909) regards dessication as an important 
factor in the Selkirks and in the White Mountains.
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In the White Mountains, Antevs (1932) concludes 
that wind dessication is of primary importance in promoting 
winter damage in trees and indicates that snow and rime ice 
tend to decrease its effect. Monahan (1933) reports that 
dessicatlng winds and frozen ground cause trees to "die of 
thirst".
bakai (1968), working with Plcea glehnii in Japan 
notes that plants growing in the open are damaged but those 
sheltered by a windbreak are normal. Damaged spruce nee­
dles have sub-normal water content while undamaged needles 
are normal. He concludes that the mechanism of damage is 
dessication by wind when xylem tissue is blocked by ice 
preventing translocation. In a later paper (Sakai, 1970) 
he notes that, while various conifer species may withstand 
freezing to -70° C. (-94° F.)} "All conifers with a high 
degree of freezing resistance did not always have a high 
dessication resistance", he concludes, "Dessication damage 
in winter constitutes the greatest limiting factor for 
growing plants in cold climates and high mountains .
Based on the work cited above and my observations, 
dessication in winter when water is not available due to 
frozen ground appears to be the most probable limiting 
factor to krummholz development in the alpine zone. .Sev­
eral investigators (Antevs, 1932; bliss, 1956; Warren 
Wilson, 1959; Parker, 1963; Tranquillini, 1964; wardle, 
1968) have suggested that winter snow serves a protective
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function against dessication damage. Perhaps krummholz- 
forming species inhabiting the alpine zone have become ad­
apted by their habit of growth to avoid excessive damage 
due to winter dessication. The work described below is de­
signed to test this hypothesis; that the dense dwarf growth 
habitat of krummholz plants retains snow and decreases dam­
age from winter dessication. As the hypothesis centers on 
snow cover, it is necessary to obtain quantative data on 
the snow cover relationships of a number of Picea mariana 
and Abies balsamea krummholz clumps for more than one sea­
son in the White Mountains. Such a winter study has not 
been previously attempted.
Methods
Two types of krummholz configurations may be iden­
tified in Abies balsamea and Picea mariana. Mat-form 
krummholz is tightly appressed to the ground surface and is 
generally limited in extent to the wind and snow shelter 
generated by the surrounding terrain (Figure 2). Upright 
krummholz may be taller, and its growth is Independent of 
local topographic features (Figure 3). Examples of mat- 
form krummholz are found on Mt. Washington at the 6 Mile 
Post on the Automobile Road (5,400 ft.) and on Middle 
Sugarloaf Mountain (2,526 ft.). Examples of upright 
krummholz are found on Mt. Washington in Alpine Garden 
(4,000 ft.) and on Cape Horn at the 4 Mile Post on the
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Automobile Road (4,000 ft.) and in the northern Presiden­
tial Mountains near the fourth peak of Mt. Adams (5,^00 
ft.). Major stations were established at each of these lo­
cations, containing a total of 39 smaller sample plots.
Beginning in the winter of 1966-1967, and continu­
ing for 3 years, snow depth was recorded in each plot on as 
nearly a regular basis as the harsh winter weather of the 
White Mountains would permit. In each plot, plastic sur­
veyor's tape was tied at the snow surface around branches 
protruding from the snow, hach spring measurements were 
made to the nearest one-half centimeter of the distance 
from the ground to the tape (snow depth) and of the height 
of the tree. Amounts of winter kill were recorded at the 
same time on the basis of a O-to-3 scale where 0 represent­
ed no damage, 1 indicated browning of a few needles, 2 In­
dicated more than one-half the needles brown, 3 represent­
ed all the needles dead, 4 nearly all needles and most bark 
missing and 5 represented a branch devoid of needles and 
bark, dead for some time.
These three measurements, snow depth, tree height 
and degree of winter kill, were regarded as separate sub­
sets for each major sample area in each year of the study 
and were subjected to statistical testing with the aid of 
a computer. Tests used were the analysis of variance or 
ANOVA, Model II ANOVA with unequal sample sizes (Sokal and 
Rohlf, 1969), Leasco Systems program no. CL-00001.035-00;
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and the product-moment correlation coefficient, Leasco 
Systems program no. CL-00001.034-00. Analysis of variance 
tests were applied to all data while correlation coeffi­
cient tests were applied to data representing snow depth 
and tree height.
Results of analysis of variance tests are express­
ed in terms of P where P equals the probability of no 
significant difference among the groups tested. Values of 
P expressed here may range from <.001 (less than 0.1? prob­
ability that the groups tested are drawn from the same 
larger population) to >.75 (greater than 75.0? probability 
that the groups tested are drawn from the same larger pop­
ulation) (Sokal and Rohlf, 1969). The correlation coeffi­
cient Is a quantity between -1 and +1 which measures the 
degree of association between two variables. If the two 
variables (Y^ and Y2) always occur together then the corre­
lation coefficient (r) Is +1 (+100?). If the two variables 
never occur together then the coefficient is -1 (-100?). 
Intermediate degrees of association yield intermediate 
values of the correlation coefficient. Significance levels 
for correlation coefficients are expressed In terms of P 
where P equals the probability that the correlation coeffi­
cients of the populations from which the samples are drawn 
is zero (Sokal and Rohlf, 1969; Rohlf and Sokal,1969).
In June, 1967, three stone walls were built to trap 
protective snow cover in areas of mat-form krummholz on Mt.
H6
Washington. They were placed at right angles to the pre­
vailing north-west wind. Two were located through the 
centers pf Picea mariana clumps at Cape Horn and at the 6 
Mile Post on the Automobile Road, and one in the middle of 
Abies balsamea krummholz at the 6 Mile Post.
The response of krummholz patches to this artifi­
cial increase in snow cover was determined by yearly growth 
measurements of branches in the clump occurring inside and 
outside the snow cover trapped by the wall. Yearly growth 
was determined by measuring the distance between terminal 
bud scars on each branch to the nearest one-half centimeter, 
which represents the extent of growth in one growing sea­
son. Measurements of terminal bud scars made in June, 1969,, 
nrovided growth rate figures for the years 196*1 to 1968.
In June, 1971, measurements were taken for comparative stud­
ies of the difference In growth rates for each species 
among all experimental areas. Data were taken inside and 
outside the wall snow shelter for Picea mariana at both 6 
Mile Post and Cape Horn stations. Data for Abies balsamea 
growth were taken from sheltered and exposed sections of 
the 6 Mile Post station and from three below treeline sta­
tions supporting normal upright A. balsamea trees. Lowland 
A. balsamea stations were located at the 2 Mile Post on the 
Automobile Road (2,000 ft.), in Pinkham Notch (2,000 ft.) 
and on Hurricane Mountain (1,700 ft.). The results of all 




Snow Depth, Tree Height and Winter Kill Values In Upright 
and Mat-form Krummholz
Means (X) in centimeters and results of analysis of 
variance testing for snow depth and tree height as well as 
for degree of winter kill are given in Table 1. Means for 
each sample plot are ranked within years and major sample 
areas. Analysis of variance results assess the degree of 
variation among means in major sample areas. Table 1A 
gives results for upright krummholz at Cape Horn, Alpine 
Garden and Adams 4 sample areas; and Table IB summarizes 
results for mat-form krummholz from Sugarloaf Mt. and 6 
Mile Post stations. Results are for the winter seasons 
1966-1967, 1967-1968 and 1968-1969.
In Table 1A, upright krummholz, means for the three 
values tested show considerable variation within major 
sample areas, and this variation is confirmed by the ana­
lysis of variance tests. Tests on snow depth yield values 
of P of less than .001 (<0.1%). The probability that these 
values are significantly similar to each other is low. Ex­
pressed differently, snow depth in upright krummholz within 
plots of major sample areas are significantly different at 
the .001 (0.1%) confidence level. Tests of tree height 
yield similar results; values of P are less than .05 
(<5.u%); there is a low probability that means for tree 
height within major sample areas are drawn from the same
48
larger population. Hence, trees within upright krummholz 
areas differ significantly at the .05 (5.0%) confidence 
level. Degree of winter kill values for Abies balsamea 
are significantly different at the .01 (1,0%) confidence 
level for all but the Adams 4 station,' where there is a 
high probability, greater than .75 (>75.0?), that they are 
drawn from the same larger population. Winter kill values 
for Picea mariana at Cape Horn also show probability of 
similarity at the .25 (25.0%) confidence level. In conclu­
sion, means of sample plots within major sample areas differ 
significantly for the three years tested for snow cover and 
tree height measurements. Winter kill values differ sig­
nificantly in four out of six cases tested.
In Table IB, mat-form krummholz, means (X) for the 
values tested show less variation within major sample areas 
than did means for upright krummholz. Analysis of vari­
ance tests on snow depth show a high probability of sig­
nificant difference only at the Sugarloaf Mountain station, 
less than .025 (<2.5%). Variation in tree height and 
winter kill values are significant at the .005 (0.0%) and 
.05 (5.0%) confidence levels respectively for the 1967 6 
Mile Post Abies balsamea station. All other tests showed 
low probability of significant differences with values of 
P ranging from greater than .10 (>75.0%). These tests in­
dicate that these means could have been drawn from single 
larger populations; hence, means for variables tested in
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in mat-form krummholz show smaller differences among sam­
ple plots than do comparable means for upright krummholz.
Table 1 shows that in upright krummholz snow depth, 
tree height and, for the most part, winter kill values dif­
fer significantly among sample plots within a major sample 
area. Mat-form krummholz does not show these significant 
differences being, in general, more uniform than upright 
krummholz. This pattern of difference is seen between the 
two types of krummholz, not between the two species or 
among the years in which measurements were taken.
urand totals in Table 1 show that mat-form plants 
tested were about one-half as tall as upright krummholz (66. 
6 cm. as against 172.1 cm. average height) and accumulated 
about one-half as much snow (37.7 cm. against 78.9 cm. aver­
age snow depth). However, the average winter kill factor 
was the same (3.4) in both forms.
Winter kill damage, very similar to that reported 
by Sakai (1970) in Japan, and attributed by him to winter 
dessication, was observed with various degrees of intensity 
(Table 1) in 38 of the 39 sample plots. Some degree of 
winter damage was observed in almost all exposed branches, 
while none was observed in branches consistently covered 
with snow (Figure 4).
Relationship Between Snow Depth and Tree Height
Correlation coefficients were computed to deter­
mine the relationship between snow depth and tree height at
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all major sample areas for both mat-form and upright 
krummholz, Kesults are given In Table 2.
Positive and significant results were obtained for 
Abies balsamea at all stations in each year tested. Per­
cent of co-variance of snow cover with tree height ranged 
from 67.1% to 98.25?. No major difference was seen between 
the two major krummholz types. A strong positive correla­
tion was obtained in the test of Picea mariana at Cape Horn, 
97.6%. All the above tests were significant at the .01 
(1,05?) confidence level. The correlation coefficient for 
Picea mariana at the 6 Mile station, ^5.6%, v.as not sig­
nificant at the .05 (5.0%) confidence level and was dis­
carded .
Table 2 shows that at all but the 6 Mile Picea 
mariana station there is a strong positive correlation be­
tween snow depth and tree height. To test this relation­
ship further an experiment with artificial snow shelter and 
mat-form krummholz clumps of both species was devised. 
Artificial Snow Shelter Growth Experiments
The three stone walls were checked for their snow 
holding ability each winter season from the winter of 1967- 
1968 to date (Figure 5). Snow packs into the shelter of the 
walls early in the winter season, usually by November 15, 
find remains until the trtime of general snow melt in the al­
pine zone, about May 1 in an average year.
Growth rate results for Picea mariana and Abies
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balsamea inside and outside walls at the 6 Mile and Cape 
Horn stations are summarized in Table 3. Abies balsamea 
growth for the three years prior to the building of the wall 
is not significantly different at the .05 (5.0$) confi­
dence level; this could be predicted as the wall was built 
across the middle of an existing krummholz clump, and the 
growth averages represent yearly growth in separate halves 
of the same patch. However, in the two years following 
construction of the wall, growth in the inner snow sheltered 
portion of the clump increased rapidly over growth in the 
exposed outside segment. Growth for these two years is sig­
nificantly different inside and outside the wall at less 
than the .005 (<0.5S&) confidence level.
The same pattern is seen in Table 3 for Picea 
mariana growth. Orowth is not significantly different for 
the three years prior to wall building at greater than the 
.25 (>25-0%) confidence level, but Increases rapidly and is 
significantly different at less than the .001 (<0.l£) con­
fidence level for the two years following building of the 
wall.
Results of comparative tests of Picea mariana and 
Abies balsamea growth in the 1970 growing season are given 
in Table 4. When the average growth of Picea mariana in­
side stone walls at both the 6 Mile and Cape Horn stations 
is compared, no significant difference is seen at greater 
than the . 10 (10 . 035) level. But, when growth rates inside
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and outside the stone walls at both locations are compared, 
a highly significant difference is seen at less than the 
.001 (<0.1%) confidence level. Abies balsamea comparisons 
among average growth inside the wall at the 6 Mile station 
and three lowland stations supporting normal, upright trees 
yield no significant difference at greater than the .75 
(>7 5 .0%) confidence level. When these rates are compared 
with the average growth rate outside the wall at 6 Mile 
Post highly significant differences are seen at less than 
the .001 (<0.1J8) level.
For Picea mariana sheltered growth at Cape Horn 
was 30.6% more than exposed growth, and at 6 Mile station 
sheltered growth exceeded exposed growth by 3 8 -9%. Shel­
tered growth exceeded exposed rates in Abies balsamea at 6 
Mile station by 5 2 .1%, and sheltered growth here was compa­
rable to growth rates at three lowland stations.
Disscussion 
Analysis of variance results for widespread 
krummholz patches of both Picea mariana and Abies balsamea 
show that closely appressed mat-form patches tend to be of 
consistant height and tend to hold comparable quantities of 
snow. They grow in particularly harsh and exposed areas 
of the White Mountains alpine zones. Mat-form krummholz 
appears restricted in its growth to the "natural" snow and 
wind shelter provided by the surrounding terrain. The abil­
ity to outgrow such "natural" shelter, exhibited by upright
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krummholz patches of both species is a slow process based on 
net yearly growth of densely packed terminal leaders and cor­
responding net increase of snow holding capability. Upright 
patches are more characteristic of less harsh exposures than 
mat-form krummholz. They are of distinctly different heights 
and hold different amounts of snow, as shown by results of 
analysis of variance tests.
Teeri (1969) has established the name Picea mariana 
(Mill.) BSP var. semlprostrata (Peck) Teeri for prostrate 
plants of Black Spruce occurring above treeline on the 
mountains of northern New England. Le states, "The striking 
difference in needle length and growth form between plants of 
var. semiprostrata and adjacent more typical black spruce, 
suggests strongly a genetic distinction of the prostrate pop­
ulation." My results indicate that mat-form P. mariana in 
the alpine zone begins to grow rapidly when provided with 
artificial wind and snow shelter. Perhaps if shelter could 
be maintained for extended periods of time an upright tree 
would result. Transplants of alpine forms of both P. mariana 
and Abies balsamea krummholz plants to lowland stations 
should be accomplished to provide more information on this 
question.
Mat-form Abies balsamea krummholz on Middle Sugarloaf 
Mountain may be considered a growth form succession stage in 
the replacement of pre-existing upright forest trees covering 
that peak prior to a disastrous fire. If upright trees are
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to develop again, a predictable next succesion stage would be 
the development of upright krummholz patches from the present 
mat-forms. Such a transformation may take place by net growth 
of dense terminal leaders resulting in Increased snow-trapping 
ability of the clump as a whole. A similar process may be 
occuring in mat-form krummholz on exposed sites in the Presi­
dential Range. If true, then treeline could be advancing up- 
slope, rather than retreating as suggested by Griggs (1946), 
Measurements of net growth rates of exposed mat-form krummholz 
should be kept for a long period of time to provide informa­
tion on this point.
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Conclusions
In conclusion, winter damage in both Picea mariana 
and Abies balsamea may be due to dessication when frozen soil 
prevents replacement of lost water. Winter damage Is consis­
tently observed in branches of both species exposed above the 
level of protective snow cover and is consistently absent In 
branches covered with snow. Taller krummholz patches of both 
species accumulate greater amounts of snow. In mat-form 
patches, reduced wind speed and artificial Increase of pro­
tective snow cover engendered by stone walls results in ac­
celerated growth. Lpright clumps of these plants are modi­
fied to trap protective snow cover, and by so doing experi­
ence less winter damage and may grow higher than the wind and 
snow shelter of the surrounding terrain would otherwise per­
mit. Mat-form krummholz as tested on the Presidential Range 
at elevations above 4,000 ft. was limited to this terrain 
shelter, but, evidence from Middle Sugarloaf Mountain at 
2,526 ft. suggests that mat-form krummholz may be an early 
stage in the development of upright krummholz patches.
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Table 1
Averages In centimeters for snow depth and tree height 
and for a 0-to-5 scale for winter kill, together with 
results of analysis of variance tests, for Abies balsamea 
and Picea mariana in the White Mountains, New Hampshire. 
Table 1A gives results for upright krummholz and Table IB 
results for mat-form krummholz (see text for explanation).
TABLE 1A
Total





















Alpine Carden Snow Depth 83.O 122.5 129.7 149.4 142.5 154.2 112.5 125.0 162.0 131.2 <.001
Abies balsamea
1557 Tree Ht. 137.5 175.0 193.0 268.5 202.5 291.7
169.6 172.5 215.0 202.8 <.001













































































Wint. Kill 3.7 4.7 3-3 3.9 <.005
♦Grand Totals Snow Depth 78.9 28 Plots
Tree Ht. 172.1 236 Abies balsamea measurments







6 ml. Auto Rd. 
Abies balsamea
I557~
6 ml. Auto Rd. 
Picea Mariana
1557"
6 mi. Auto Rd. 
Ab|es balsamea
Grand Totals
Snow Depth 42.1 24.1 18.3 30.5 28.8 <.025
Tree Ht. 79.5 50.8 39.6 64.4 58.6 >.10
Wint. Kill 3.0 2.0 2.0 2.8 2.5 >.25
Snow Depth 43.0 40.8 32.3 38.7 >.10
Tree Ht. 94.0 91.1 66.5 83.9 <.005
Wint. Kill 3.6 4.1 2.2 3.3 <.05
Snow Depth 16.0 17.1 16.6 >.50
Tree Ht. 25.4 34.8 30.1 >.10
Wint. Kill 2.8 2.6 2.7 >.75
Snow Depth 68,6 65.0 66.8 >.75
Tree Ht. 94.1 95.0 94.6 >.75
Wint. Kill 5.0 5.0 5.0 >.75
Snow Depth 37.7 11 Plots
Tree Ht. 66.8 81 Abies balsamea
Wint. Kill 3.4 18 Picea mariana
1. P - The probability that there la no significant difference between or among plots.
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Table 2
Results of coefficient of correlation tests, expressed In 
percent, for the relationship between tree height and 
snow depth at five stations for three winters in the 
White Mountains, New Hampshire.
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TABLE 2
1966 Abies balsamea r1 n2 Pp
Sugarloaf Mt. 79.7 25 <.01
Cape Horn 67.1 16 <.01
1967 Abies balsamea
Alpine Garden 6 8 . 7 9  <.01
6 mi. Auto Rd. 75.9 <.01
Cape Horn 81.7 75 <*01
Adams *4- 86.0 31 <.01
1967 Picea mariana
6 Mi. Auto Rd. 4-5.6 18 >.05
Cape Horn 97.6 52 <.01
1968 Abies balsamea
6 Hi. Auto Rd. 91.1 15 <.01
Cape Horn 98.2 35 <.01
1. E * The coefficient of correlation
2. n » The number of measurments
3. P “ The probability that the coefficient of correlation




Average growth rates in centimeters for five growing 
seasons for Abies balsamea and Picea marlana inside and 
outside protective stone walls at Cape Horn and at the 
6 Nile Post on the Automobile Road, Mt. Washington, New 
Hampshire,
TABLE 3
6 Mi. Auto Bd, 
Abies balsamea
Year Inside Wall Outside Wall P1
1968 23.5 12.4 <.001
1967 40.7 27.3 <.005
1966 46.5 38.8 >.05
1965 38.5 30.5 >.05
1964 34.3 27.1 >.05
Gape Horn 
Picea marlana






difference between yearly1. P * The probability that there is no significant 




Average growth In centimeters of Picea mariana inside and 
outside two protective stone walls and of Abies balsamea 
inside and outside a protective stone wall compared with 
growth rates of A. balsamea plants at three below-treeline 




6 Hi. Auto Rd. 
P1
Abies balsamea 
6 Hi. Auto Rd.
Plnkham Notch 
Hurricane Mt.
2 Ml. Auto Rd.
TABLE 4


















£ ■ The probability that there Is no slgnifleant difference among 
measurments.
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Figure 1. Treeline at about ^,500 ft. elevation on Mt. 
Adams (5»798 ft.) on the left and Mt. Madison ($,36j ft.) 
on the right. The photograph is taken from the 6 Mile 
Post on the Automobile Road, Mt. Washington, New 
Hampshire in February, 196?•
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Figure 2* A mixed mat-form krummholz clump of Picea 
martana (foreground) and Abies balsamea (background) near 
the 6 Mile Post, Automobile Road, Mt. Washington, New 
Hampshire. The clump is about 12 ft. wide.
Figure 3. An upright Abies balsamea krummholz clump near 
Adams 4 Mountain, White Mountains, New Hampshire. The trees 
protrude about 6 ft. above the surrounding rocks.
Figure 4. Winter dessication damage in Abies balsamea 
krummholz, Cape Horn* Mt. Washington, New Hampshire. 
Plastic tape at lower right marks snow level in the 
preoeding winter season; the damaged branches protrude 
about 10 in. above the tape.
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A
Figure 5. Stone wall traps protective snow In a Picea 
marl ana mat-form krummholz patch on Cape Hornv Mt. 
Washington, New Hampshire. The unprotected margin of the 
clump Is in the lower right of the photograph; the ice axe 
is 3 ft. high.
